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EXECUTIVE SUMMARY 



This final report is the result of a follow-on effort to the SIRTF Technology Integrated System (T1S) Study <CR 166489) 
completed by Perkin-Elmer in 3uly 1983. NASA, in the "SIRTF Free Flyer, Phase A System Concept Description" (Document 
No. PD-1006, May 3, 1984), showed that there will be considerable benefit to the science effectiveness of infra-red 
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2.2 ERROR-BUDGETED FIELD COVERAGE VS. CHOPPING ANGLE 
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These modulation transfer functions correspond to the spot diagrams on the previous page although they are diffraction 
transfer functions, not geometrical. On-axis, the telescope is diffraction-limited, but it degrades very rapidly with field 
size. However, the MTFs do not change with chop angle as those for the Ritchey-Chretien do. Thus, if the reimaging optics 
of the Sis and FGS are designed to compensate for the residual coma, the field can be widened and will be independent of 
effects such as Image Motion Compensation (IMC) and field scanning with the secondary mirror. 
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These spot diagrams are for the coma-compensation telescope with the secondary mirror tilted to produce a chop angle of 
3.5 arcmin. The bottom spot diagram is on the tilted axis of the chopped configuration. That is, the field point is now 
imaged on the mechanical axis of the telescope. The other two field points also correspond exactly to the previous spot 
diagram. These are virtually identical to the previous diagrams, showing that, indeed, the axial coma in the tilted 
configuration is almost perfectly cancelled. 
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To determine the reason for the chapped image degradation, we performed a Zernike decomposition on each wavefront. The 
coefficients of primary coma and primary astigmatism are presented in these tables. The relatively poor performance of 
the neutral point configuration is due to the fact that the secondary mirror must be rotated by a much larger angle than in 
the other configurations to give the same amount of chop in image space, causing large amounts of astigmatism. This 
comparison is made only for a detector on the mechanical axis of the telescope. 
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CHOP ANGLE ON SKY (ARC-MINUTES) 
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SECTION 3 

SECONDARY MIRROR CHOPPER DESIGN INVESTIGATION 
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- Noise equivalent position error 20 nm 

Mirror motion profile See following illustration 


The chart shows the nominal chopping profile used in the design study. We assumed that the acceleration and deceleration 
parts of the cycle would simulate a sine wave, thereby smoothing all derivatives of the motion and maintaining all the 
disturbance frequencies within a narrow band. At the 20 Hz chop rate, the angular frequency is 630 rad/sec (100 Hz) for the 
80% duty cycle case. All the values shown are for the maxima in each parameter. The design permits commanded variations 
over the full dynamic range. 
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SIRTF Secondary Mirror Assembly Concept 

The SIRTF secondary mirror is supported on a novel two degrees of freedom flexure bearing developed by Perkin-EImer 
some time ago. Mirror angular position is sensed by the inductive differential sensor pair mounted at the edge of the mirror. 
The electromagnetic voice-coil actuators use superconducting magnets for maximum efficiency. The forces developed by 
the actuators are reacted by the reaction plate, which is mounted to the cooling manifold and main support. This 
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Estimate of Secondary Mirror Assembly Weights and Inertias 
Natural Frequency and Edge Deflection 
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Electromagnetic Actuator Characteristics 
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Peak current per actuator, 0.126 amp 


A modified inductive differential type position sensor was selected for the mirror position sensors because Perkin-Elmer has 
considerable favorable experience with the device and we know of use at temperatures as low as 20K. These sensors will 
meet the requirements of the SIRTF secondary mirror actuator. 
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Thermal Straps Characteristics 

The properties of copper at cryogenic temperatures are quite favorable for the transport of heat from the secondary mirror 
which is itself a very good conductor because it is beryllium. Note that for the copper strap dimensions of the design, the 
heat removed will be 2.5W for a IK temperature difference. The straps are designed to act purely as springs (adding only to 
the restoring torque of the flexures that mount the mirror). Thus, ample design margin in the thermal performance of the 
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4.1 INTRODUCTION-FGS SYSTEM ANALYSIS 
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^SIRTF Free Flyer Phase A concept description, PD-1006, May 1984. 
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NOTE: 1/60 PIXEL (1/40 IN 2-D) HAS BEEN DEMONSTRATED AT PERKIN-ELMER 


4.3 CCD-BAND VS. V-BAND PHOTOMETRY 
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Integration Time and Centroid Position Error 
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ROLL STABILIZATION) IS TOO LOW 


This design for SIRTF's internal FGS focal plane would meet the requirement to detect two stars near the galactic pole with 
95 percent probability while keeping the centroiding requirements within the current state of the art. The design is based on 
the following approach. 
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Note that m v j<15 stars are necessary to limit the FOV required to detect two stars. Giver, a CCD readout noise of 50 
electrons (each of 9 pixels), optical efficiency of 0.4 and RCA CCD response between 0.45 A _< 1.06 m, a signal-to-noise 
ratio of 50 could be achieved with a l>sec integration. An S/N = 100 would require a 3.2 sec integration. 
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This figure plots the NEP's resulting from the 2.5-cm mirror and compares them with a "required NEP" derived from the 
equation 
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ORIGINAL PAGG u. 
JF POOR QUALITY, 


The sample optical divider we received from NSG is clearly unsatisfactory for SIRTF. However, the rapidly developing fiber 
optic and merits close attention. Additional analysis would be required to determine whether a more carefully fabricated 
image divider would have the necessary optical efficiency. The major drawback of the fiber optic image divider is that a 
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oRiGMAL l '• 
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T3 



Fine Guidance/ Rate Gyro/ 

Optical Control Acquisition 

Sensor (3) Star Tracker 




The Hubble Space Telescope’s field of view is divided into several parts by fold mirrors that extend into the beam in front, of 
the focal plane. The shaded bands around each portion represent the vignetting that occurs because the fold mirrors are not 
at the focal plane. 
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RADIAL BAY 'SCIENTIFIC 
INSTRUMENTS (SI) DATA FIELD 




The fine guidance sensor, shown schematically for one sensing axis, consists of a collimator; refractive astigmatism 
corrector lens group; the two star selectors (to be described in detail below); Koesters prism, wavefront, tilt-sensing 
interferometer, condensing lenses; and photomultiplier photodetectors. 
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The Star Selector's Function 
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The four mirrors in each assembly are the reflective counterparts of the Risley prisms. The mirror assemblies are mounted 
inside the bore of an optical encoder-motor assembly. 

The concept has several advantages over competing concepts. 
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PICKOFF MIRROR 


This figure illustrates the packaging of the ST's FGS optical design. The entire unit is replaceable on-orbit by a space-suited 
astronaut. r 
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4.10 FGS ANALYSIS CONCLUSIONS 
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The optical fiber image divider, while greatly reducing the FGS heat load on the SIRTF cryogen, would require a high- 
precision cryogenic mechanism to place the divider at the image of a star and cannot be recommended. 
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Optical liber image divider could greatly reduce MIC heat load, but cannot be recommended now because 
Precision cryogenic mechanism needed to translate image divider 
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